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Extraskeletal osteosarcoma (ESO), a malignant mes-
enchymal  neoplasm,  produces  osseous  tissue  that  is  not 
attached to the skeleton in humans1. ESOs have also been 
reported in dogs, cats2, hamsters3, rabbits4 and rats5–10. We 
encountered a case of spontaneous ESO with pulmonary 
metastasis in an aged female F344 rat.
The present case was a female F344 Slc/N rat (Japan 
SLC,  Inc.,  Hamamatsu,  Japan)  that  was  a  subject  in  the 
control group of a 2 year carcinogenicity study. The animal 
was housed individually in a wire-mesh stainless steel cage 
placed on a movable stainless steel rack (CLEA Japan, Inc., 
Tokyo, Japan) in a semi-barrier-sustained animal room with 
a controlled environment (temperature, 22 ± 2°C; humidity, 
55 ± 10%) and with illumination set with lights on at 07:00 
and off at 19:00. Certified MF diet (Oriental Yeast Co., Ltd., 
Tokyo, Japan) and local tap water (Kusatsu, Shiga) were 
freely supplied from a stainless steel basket and an auto-
mated water supply, respectively. During the study period, 
morbidity and mortality were checked at least twice a day 
except during public holidays. The treatment and handling 
of the animal conformed to the Guidelines for Proper Con-
duct  of  Animal  Experiments  (Science  Council  of  Japan, 
June 1, 2006).
A palpable subcutaneous mass was noted in the right 
femoral region from 79 weeks of age. At 83 weeks, the ani-
mal was killed in extremis because of its unfavorable prog-
nosis due to a fast decrease in body weight (-41 g from 4 
weeks  before),  emaciation,  anemia  and  nasal  bleeding. 
While the rat was under deep anesthesia from intraperito-
neal treatment with pentobarbital, blood was collected from 
the right ventricle. The animal was euthanized by exsan-
guination after the aorta and vena cava were cut, and then 
a  complete  necropsy  was  performed.  The  subcutaneous 
mass and all organs and tissues required by the toxicity test 
guidelines were sampled and fixed in 10% neutral buffered 
formalin.
At necropsy, the size of the mass was 4 × 3 × 3 cm. The 
surface was ulcerated, and the bottom side invaded the sur-
rounding skeletal muscles. However, there was no connec-
tion with the neighboring bones. The cut surface of the mass 
revealed a whitish solid area that included many cysts con-
taining bloody fluid and necrotic areas (Fig. 1a). In the lung, 
multicentric whitish nodules with hemorrhagic areas were 
observed (Fig. 1b). The trachea and nasal cavity were filled 
with a bloody foamy fluid. The stomach was empty except 
for black fluid that was thought to be swallowed hemoptysis. 
The liver and spleen were slightly enlarged. Petechiae were 
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observed in the pituitary.
Hematological examination indicated a severe anemic 
condition (red blood cell (RBC) count, 1.33 × 106 cells/mL) 
associated with an increased number of white blood cells 
(WBCs) (14.4 × 103 cells/mL; lymphocytes, 91.8%). In the 
blood  biochemical  analysis,  increased  levels  of  plasma 
lactate dehydrogenase (LDH), aspartate aminotransferase 
(AST) and creatine kinase (CK) suggested damage of the 
skeletal muscles by tumor invasion.
Routine histopathology was performed on all organs 
and tissues. Tissues were embedded in paraffin and then 
stained with hematoxylin and eosin (HE). In the HE sec-
tions, a subcutaneous mass was observed in the right femo-
ral region. The mass was mainly composed of tumor cells 
that  exhibited  a  sheet-like  growth  pattern  (Fig.  2a).  The 
macroscopic cysts were enlarged blood vessels and hema-
tomas. Polygonal tumor cells had round or comma-shaped 
nuclei and clear eosinophilic cytoplasm (Fig. 2b). Mitosis 
was occasionally observed. Vacuolated cells were also fre-
quently observed between the tumor cells (Fig. 2b, arrow-
76
Fig. 1.  a: Cut  surface  of  the  subcutaneous  mass.  The  mass  was  composed  of  a  solid  area  and  cysts  containing  bloody  fluid. 
b: Multicentric nodules in the lung. Hemorrhage is also noted.
Fig. 2.  a: Low magnification of the tumor tissue. There are many enlarged blood vessels, cysts filled with blood and necrotic areas. Bar = 1 mm. 
b: High magnification of the tumor tissue. Polygonal tumor cells reveal a sheet-like growth pattern around normal blood vessels. Arrow-
heads indicate vacuolated cells. Bar = 100 mm.  Nagaike, Sakai, Tsuchiya et al. 77
Fig. 3. Osteoid tissues are noted in the subcutaneous mass (a) and the pulmonary nodule (b). Bar = 100 mm.
Fig. 4.  Immunohistochemistry. The nuclei of the tumor cells are positive for proliferating cell nuclear antigen (PCNA) (a) and osterix (b). The 
osteoid area is positive for osteocalcin (c). CD68-positive cells (brown) are negative for PCNA (green). Bar = 100 mm.78   Extraskeletal Osteosarcoma with Pulmonary Metastasis in a Female F344 Rat
heads). In a few areas, osteoid components that were sur-
rounded by tumor cells were observed (Fig. 3a). A vascular 
structure lined by normal endothelial cells was noted as 
the interstitial component, and hemorrhagic and necrotic 
areas indicated circulatory failure in the tumor mass. The 
macroscopic nodules in the lung were composed of tumor 
cells associated with osteoid tissue (Fig. 3b), and these were 
considered to be the metastatic foci. Metastasis was not ob-
served except for in the lung. Hyaline droplets were depos-
ited in the proximal tubular cells, mainly at the S2 portion 
of the cortex in the kidney. Extramedullary hematopoiesis 
in the spleen was observed and considered to be an adaptive 
reaction to hemorrhage. Observed periportal hepatocellular 
fatty changes suggested that this animal had been fasting. 
A small focus of pituitary adenoma in the pars distalis and 
a slight change of hyperplasia in the mammary gland were 
incidental lesions.
In regard to special stainings of the tumor sections, 
Masson’s trichrome staining revealed few collagen fibers in 
the neoplasm, whereas Watanabe’s silver staining showed 
that each tumor cell was randomly surrounded by argen-
tophil fibers. There was no positive labeling for Oil Red O 
or for the periodic acid Schiff (PAS) reaction. Immunohis-
tochemically, tumor cells revealed strong positive labeling 
for  anti-proliferating  cell  nuclear  antigen  (PCNA;  PC10, 
monoclonal,  ready-to-use;  Dako,  Denmark;  Fig.  4a)  and 
anti-vimentin  (V9,  monoclonal,  ready-to-use;  Dako).  The 
nuclei of most tumor cells were positively stained for os-
terix (polyclonal, 1:200; Abcam, U.K.; Fig. 4b), which is a 
regulatory protein of bone cell differentiation11,12. All osse-
ous areas were positive for osteocalcin (OCG3, monoclonal, 
1:100; Abcam; Fig. 4c), a regulating factor for osteogenesis 
that is produced by osteoblasts13,14. These findings strongly 
suggested that the tumor cells had differentiated into osse-
ous tissue. Vacuolated round cells that were scattered in the 
tumor were positive for CD-68 (ED-1, monoclonal, 1:100; 
Acris Antibodies, Germany) but negative for PCNA when 
double stained (Fig. 4d). Therefore, most of them were con-
sidered to be infiltrated macrophages rather than osteoclast-
like differentiations. Staining for other markers, including 
S-100  (polyclonal,  ready-to-use;  Dako),  von  Willebrand 
factor (factor VIII-related antigen, polyclonal, ready-to-use; 
Dako), CD-31 (polyclonal, 1:100; Santa Cruz Biotechnology, 
Santa Cruz, CA, U.S.A.), CD-34 (polyclonal, 1:100; R&D 
Systems,, Minneapolis, MN, U.S.A.), desmin (monoclonal, 
ready-to-use; Dako), a-smooth muscle actin (monoclonal, 
ready-to-use; Dako), lysozyme (polyclonal, 1:100; Progen, 
Germany),  a1-antitrypsin  (polyclonal,  1:50;  GeneTex,  Ir-
vine, CA, U.S.A.), and rat malignant fibrous histiocytoma 
(MFH) antigen (A3, monoclonal, 1:50; TransGenic, Kuma-
moto, Japan), was negative (Table 1). Hyaline droplets in the 
kidney were positive for lysozyme (1:100) but negative for 
a2u-globulin (polyclonal, 1:50; R&D Systems).
On the basis of these findings, we diagnosed the pres-
ent case as extraskeletal osteosarcoma due to osseous dif-
ferentiation and no association with normal bones. Osteo-
sarcomas are classified into 5 types in rats: osteoplastic, 
fibroblastic,  osteoblastic,  telangiectatic  and  compound15. 
The present case may be classified as the osteoblastic type. 
In humans, osteosarcomas are mainly observed in younger 
generations, but ESOs can be encountered in aged groups, 
and these cases are occasionally metastatic1. In addition, 
in  rats,  pulmonary  metastasis  is  common  in  osteosarco-
mas that originate from the bone15, but this was not noted 
in some previous cases of ESO in rats5,8–10. This evidence 
indicates the high malignancy of the present case.
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